Introduction
The demonstration of the existence of non-covalent bonding interactions between different biomolecules (DNA, enzymes, proteins) and drugs or potentially mutagenic agents requires sensitive analytical techniques. Technological advances in key techniques, together with the miniaturization in fluorescence or surface plasmons resonance techniques, have allowed obtaining information in real time concerning the nature, the localization and the strength of drug-DNA interactions. The present chapter describes these analytical techniques and their application to achieve two fundamental goals, namely a deeper knowledge of the nature of the interactions and their application to the design of different devices (aptamers, molecular beacons, DNA-arrays, genosensors) consisting of short single stranded oligonucleotides produced in vitro by well-established methods (polymerase chain reaction, PCR; systematic evolution of ligands by exponential enrichment, SELEX,...) that are capable to detect genetic peculiarities and diseases, biological entities (micro-organisms, genetically modified seeds...) and also genotoxic agents in the environment and in foodstuffs.
Chemical structure of DNA
In order to facilitate the discussion of spectral properties of DNA, we present its structure in Figure 1 .A. In the biological field, hydrogen bonding is key for molecular recognition, as exemplified by the way a single strand of DNA (ss-DNA) nucleobases recognizes the complementary sequence with high specificity to produce double strand DNA (ds-DNA), as shown in Figure 1 .B.
A brief summary of the modes of drug-DNA interaction
Supramolecular chemistry is a fascinating and interdisciplinary field of chemistry that involves different phenomena in the frontiers of chemical, physical and biological sciences. One of the keystones of supramolecular chemistry is molecular recognition, a process in which molecules (small or large) selectively recognize each other through different types of molecular interactions, i.e., electrostatic, dipole-dipole, hydrogen bonding, π-π and van der Waals interactions, whose strength determines the stability of the resulting supramolecular complexes (Table 1 ). The main chemical driving forces for both the stability of ds-DNA and DNA-drug recognition are hydrogen bonding interactions, electrostatic and π-π interactions between the aromatic rings of base pairs. Table 1 . Types and main characteristics of non-covalent molecular interactions.
Type of Interaction
The chemical and physicochemical properties of the interacting molecules, as well as their stereochemistry, determine the different modes of interaction, including covalent bonding (in the case of mutagenic and severely genotoxic agents) and non-covalent interactions, which comprise intercalation between bases, binding to the helical minor and major grooves or ionic interactions with the sugar-phosphate backbone (Serganov & Patel, 2006) , as schematized in Figure 2 . A large number of drugs with anti-tumour activity intercalate into DNA or are selectively recognized by specific regions of DNA, specially the minor groove. 
Analytical techniques to evidence drug-DNA interactions
The number and variety of techniques devoted to evidence drug-DNA interactions is continuously growing. From the classical UV-vis spectrophotometry or competition dialysis assay to the renewed gel mobility electrophoresis assay or the powerful tandem HPLC-MS or capillary electrophoresis-mass spectrometry, the number of new specific assays and methodologies is overwhelming (Tian et al., 2005) . We will describe below some of the most useful techniques, with the exception of separation methods such as chromatography and conventional or capillary electrophoresis, which would require a whole chapter; for further information on this subject, see (Baba, 1999; Krylova et al., 2010; Kral et al., 2010; Koster et al., 2008; Araya et al., 2007; Su et al., 2007a; Su et al., 2007b) .
Vibrational spectroscopy: IR and Raman spectrometries
Infrared spectroscopy (IR) has been widely used for the structural analysis of DNA because it can distinguish among A-, B-, and Z-forms of DNA, triple stranded helices, and other structural motifs. It has also been a useful tool to study interactions of nucleic acids with drugs and the effects of such interactions in the structure of DNA, providing some insights about the mechanism of drug action. A major advantage is that samples can be analyzed in different aggregation states, i. e., as solids or crystals, and also in solution, making it possible to establish a comparison with results from other techniques. In addition, small quantities of sample are needed and collection of spectra is not time consuming. The region of interest in IR studies dealing with DNA in aqueous solutions is between 1800 and 800 cm -1 . Due to interfering absorption bands of water at 1650 cm -1 and below 950 cm -1 , spectra are generally recorded also in D 2 O, where these bands move to 1200 cm -1 , and below 750 cm -1 . Combination of results from both spectra allows to obtain a complete spectrum. The use of D 2 O also causes shifts in nucleic acid absorptions, resulting from deuterium exchange of labile NH protons, and these can be used to monitor H-D exchange processes. A method to remove water signals in the spectra is water substraction, using a NaCl solution as reference. The characteristic IR bands of nucleic acids have been compiled and discussed in a review (Banyay et al., 2003) ; four regions are considered, each one containing marker bands reflecting either nucleic acid interactions and/or conformations, as shown in Figure 3 . Fig. 3 . Approximate position of IR bands of DNA and aqueous solvents. a) 1800-1500 cm -1 region, sensitive to effects of base pairing and base stacking. b) 1500-1250 cm -1 region, sensitive to glycosidic bond rotation, backbone conformation and sugar pucker. c) 1250-1000 cm -1 region, sensitive to backbone conformation. d) 1000-800 cm -1 region, sensitive to sugar conformation.
Fourier transform IR (FTIR) has been used alone or supporting other techniques to determine drug binding sites and sequence preference, as well as conformational changes due to drug-DNA interaction (Jangir et al., 2010; Mandeville et al., 2010; Neault & TajmirRiahi, 1996) . Additional evidence for drug-DNA interaction can be obtained from observed changes (shift or intensity) in the bands of drug spectra upon DNA binding, and even groups involved in the complexation can be inferred. Raman spectroscopy also depends on the vibrational frequencies of characteristic groups and has been used sometimes in conjunction with infrared spectra to study DNA-drug interactions since it provides complementary information. An advantage of Raman is that water makes an ideal solvent (weak scattering properties and only one broad weak band around 3600 cm -1 ).
NMR spectroscopy
Nuclear Magnetic Resonance (NMR) is based on the fact that atomic nuclei endowed with a property called nuclear spin will align with an applied magnetic field. The degree of this alignment depends not only on the strength of the magnetic field, but also on the type of nucleus and its chemical environment. Every nucleus with spin gives rise to a signal or peak which represents a transition between a ground and an excited state. Each magnetically active nucleus is characterized by different parameters such as chemical shift (the position or frequency of the spectral line), multiplicity (the fine structure observed on the spectral lines), J-couplings (the separations within a multiplet), relaxation data and Nuclear Overhauser Effect (NOE) connectivities that can be used to obtain detailed structural information about the molecule under study. Among the atomic nuclei available for the study of DNA ( 1 H, 13 C, 15 N and 31 P), 1 H is the most common, but 31 P NMR is especially useful for studying the effects of ligand binding on the phosphate groups of DNA. NMR experiments are very versatile and the information can be obtained at different temperatures, solvents, pH values, ionic strengths and dielectric constants.
The typical chemical shift for 1 H NMR spectra of nucleic acids at room temperature has previously been reported (Barber et al., 1993) , and Many anti-tumour drugs bind to the major groove, and they usually do it covalently through N-7 of guanine but their modes of interaction have been studied with techniques different from NMR.
UV-VIS absorption spectroscopy
The drug-DNA interaction can be detected by UV-Vis absorption spectroscopy by measuring the changes in the absorption properties of the drug or the DNA molecules. The UV-Vis absorption spectrum of DNA exhibits a broad band (200-350 nm) in the UV region with a maximum placed at 260 nm. This maximum is a consequence of the chromophoric groups in purine and pyrimidine moieties responsible for the electronic transitions. The probability of these transitions is high and thus the molar absorptivity (ε) is of order of 10 4 M -1 cm -1 . The use of this versatile and simple technique allows estimating the molar concentration of DNA on the basis of the measurement of the absorbance value at 260 nm. In practice, the molar concentration of DNA is evaluated in terms of the concentration of pairs of bases. The absorbance ratios (A 260 /A 280 and A 260 /A 230 ) can also characterize the DNA molecules (Paul et al., 2010) . Slight changes in the absorption maximum as well as the molar absorptivity can be appreciated with the variations in pH or ionic strength of the media. The ε values (λ max = 260 nm) of free oligonucleotides are higher than the ones corresponding to the same oligonucleotides in single strand DNA (ss-DNA) and double strand DNA (ds-DNA) because base-base stacking results in a hypochromic effect. This behaviour can be exploited to verify denaturalization of DNA by measuring its absorbance values before and after denaturing treatment. The hypochromic effect can also be employed to verify the existence of drug-DNA interactions, due to the fact that the monitoring of the absorbance values allows studying the melting behaviour of DNA. Melting temperature (T m ) is the temperature value corresponding to the conversion of 50 % of the double strands into single strands, according to the equilibrium shown in Equation (1).
ds DNA ss DNA − −
For native ds-DNA, the separation of the strands starts near to T 1 and ends close to T 2 . These temperature values change depending on the origin and nature of DNA (viral, bacterial, duplex, quadruplex...) . The temperature value corresponding to one half of DNA existing as ds-DNA and the other half as ss-DNA is named melting temperature. This value corresponds to the inflexion point in the absorbance-temperature plot (Figure 4 ). An increase in the absorbance value with the increase of temperature is observed because the ε (260 nm) of ss-DNA is higher than the ε (260 nm) of ds-DNA. When a drug-DNA interaction exists, T m is shifted to values different from native ds-DNA. The magnitude of the shift depends on the type of interaction. Thus, for intercalating agents the increase observed in the T m value is higher than in the case of agents interacting through the DNA minor or major grooves. The changes in the T m value can be followed by other techniques such as fluorescence, circular dichroism, NMR or calorimetry, but UV-Vis absorption spectrometry is the most frequently employed method due to its good sensitivity, reproducibility, simplicity and versatility. Drug-ds-DNA interactions can be resolved by comparison of UV-Vis absorption spectra of the free drug and drug-DNA complexes, which are usually different. As shown in Figure 5 , the maximum absorption can be 20-70 nm shifted towards red wavelengths upon DNA interaction. Hypochromic or hyperchromic effects usually accompany these shifts, as is the case of ethidium bromide or acridinium salts. In the case of weaker interactions, only hypochromic or hyperchromic effects are observed without significant changes of shifts in the spectral profiles. 
Circular and linear dichroism
Circular and linear dichroism spectroscopies are useful techniques to probe non-covalent drug-DNA interactions, which affect the electronic structure of the molecules and also alter their electronic spectroscopic behaviour. Polarized light spectroscopy allows to quickly characterize drug-DNA complexes using a small amount of sample. Linear dichroism (LD) provides structural information in terms of the relative orientation between the bound drug molecule and the DNA molecular long axis, and also about the effects of ligand binding on the host. Circular dichroism (CD) provides additional structural details of the complex. When electromagnetic radiation reaches DNA, the macromolecules present a certain degree of alineation in the direction of the electric field vector, and this molecular alignment is measured by the light polarised absorbance. When a drug binds to DNA, its spectrum will be modified if this binding causes changes in DNA conformation. Circular dichroism is defined as the difference in absorption of left and right circularly polarised light (Equation 2, where ε l and ε r are the molar absorptivities for the absorption of left and right circularly polarized light for the selected wavelength).
When a drug binds to DNA, an induced CD (ICD) spectrum is observed because of the interaction with DNA. This may result from either a geometric change in the drug or from coupling between its electronic transitions and those of the DNA. Similarly, DNA gets an ICD contribution to its CD spectrum from its interaction with the drug. Therefore, what is finally observed is a combination of DNA CD, DNA ICD, drug CD (which is zero for an non-chiral drug and nonzero for a chiral drug), and drug ICD. If an ICD signal is observed in the absorption band of a non-chiral ligand, this is evidence for interaction with DNA. In contrast to CD, which depends on both electric and magnetic interactions, LD only depends on the electric field vector. LD spectroscopy involves measuring the difference in absorption of two linear polarizations of light, which usually are parallel and perpendicular to a sample orientation direction. Small molecules that tumble freely in solution are not oriented and in contrast to DNAbound molecules do not give any LD signal in their absorption region, so the presence of a detectable LD proves that the ligand is bound to the oriented DNA. Light that is polarised parallel to the transition moment has a high probability of absorption in the region of spectral interest, whereas if light is perpendicularly polarized to the transition moment, no absorption takes place. In practice, this means that intercalating agents that stack closely to base pairs have linear dichroism similar to the base pairs themselves. However, the dichroism of groove binders is frequently opposite to that of the b a s e p a i r s , s i n c e t h e y b i n d a l o n g t h e e d g e o f t h e b a s e p a i r s . T h u s , L D i s a u s e f u l spectroscopy for assessing the binding mode of a drug to DNA. In practice, the use of LD in combination with CD, particularly ICD, allows to distinguish among the different types of drug-DNA interactions. The principal modes of binding of small molecules to ds-DNA have been shown in Figure 2 . All these interactions belong to the group of reversible interactions (non-covalent) whereas the covalent interactions mean an unbreakable bond formation between the two molecules.
Fluorescence emission spectroscopy
The mode of binding of drugs to DNA can be determined by high-resolution structural techniques like X-ray diffraction or NMR, but fluorescence spectroscopy and the various analytical tools based on fluorescence emission can also provide particularly useful information. The orientation of fluorophoric ligands and their proximity to the DNA pairs of bases can be studied by fluorescence anisotropy or fluorescence resonance energy transfer.
Fluorescence quenching experiments afford additional information concerning the localization of the drugs and their mode of interaction with DNA. Fluorescence emission is very sensitive to the environment, and hence the fluorophore transfer from high to low polarity environments usually causes spectral shifts (10-20 nm) in the excitation and emission spectra of drugs (Suh & Chaires, 1995) . Moreover, the effective interaction with DNA usually causes a significant enhancement of the fluorescence intensity as a consequence of different factors. Thus, in the case of intercalating drugs, the molecules are inserted into the base stack of the helix. The rotation of the free molecules favours the radiationless deactivation of the excited states, but if the drugs are bound to DNA the deactivation via fluorescence emission is favoured, and a significant increase in the fluorescence emission is normally observed. Interestingly, a decrease in the fluorescence intensity of drugs was observed in the presence of DNA for different derivatives of quinolizinium salts (Martín et al., 1988 and 2002) . The quenching behaviour did not fit the Stern-Volmer equation, suggesting that two possible quenching mechanisms (static and dynamic) could be coexisting ( Figure 6A ). Nevertheless, the quenching effect observed, in many cases is adjusted to the Stern-Volmer equation (Kumar et al., 1993 ) ( Figure 6B ). Thus, for the interaction of amino derivatives of ethidium bromide a fluorescence quenching was observed in the presence of calf thymus DNA. The quenching effect shows a good adjustment to the Stern-Volmer equation with K SV constants of 8.4 x 10 6 and 4.6 x 10 6 . Studies concerning temperature on the quenching effect showed that K SV decreased when temperature was increased and the authors suggest a static mechanism for the quenching (Akbay et al., 2009) . Other studies concerning the interaction of ethidium bromide analogues with DNA have shown that the presence of weak electron-donating substituents on phenantridinium moiety favours a significant fluorescence quenching (Prunkl et al., 2010) . In the case of groove binding agents, electrostatic, hydrogen binding or hydrophobic interactions are involved and the molecules are close to the sugar-phosphate backbone, being possible to observe a decrease in the fluorescence intensity in the presence of DNA (Li et al., 1997) . The use of well-established quenchers, i.e. halide ions, provides further information about the binding of drugs to DNA. The groove binders are more sensitive to the quenching effect by halides than the intercalating agents, because the pairs of bases hamper the accessibility of the drug by the quenchers. Besides, the electrostatic repulsive forces among phosphate groups on DNA and anionic quenchers collaborate to protect the drug from the quencher effects. Thus, in the case of intercalating agents a considerable reduction in the K SV values is observed in the presence of DNA. Fluorescence polarization measurements afford useful information related to molecular mobility, size, shape and flexibility of the molecules, and also on the fluidity and viscosity of the surroundings of the fluorescent molecules. Thus, a fluorophore in homogeneous solution excited by linearly polarized radiation will emit totally or partially depolarized fluorescence. The emission of non-polarized light is due to torsion vibrations, Brownian motion, transfer of the excitation energy to other molecules with different orientation as well as non-parallel absorption and emission transition moments. In the presence of DNA, the fluorophores that interact with the macromolecules show a enhancement in the fluorescence polarization. This is due to the fact that the torsion vibrations and rotational motions are restricted. The polarization ratio (p) and emission anisotropy (r) can be determined as shown in Figure 7 . The interaction with DNA causes an increase in the polarization ratio and emission anisotropy (Δp≈0.001-0.2 and Δr≈0.001-0.3) similar to those obtained in high viscosity media and at low temperature. Fig. 7 . Scheme of the configuration for fluorescence polarization measurements.
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As previously mentioned for the quenching experiments, the changes observed in polarization ratio for DNA intercalating agents should be higher than the ones corresponding to groovebinding agents, but this general rule does not always hold. For instance, in the case of Hoechst 33258 (Suh & Chaires, 1995) and other groove-binding model molecules a significant increase in the polarization values is obtained because the molecules are immobilized and their free rotation is hampered after complexation with DNA. Fluorescence resonance energy transfer (FRET) is a phenomenon that can be observed when the emission spectrum of the donor molecules (D) is overlapped with the excitation spectrum of the acceptor molecules (A). Under adequate experimental conditions (concentration and distance), the fluorescence observed when using the excitation wavelength of the donor corresponds to the acceptor because the emission energy of the donor is transferred to the acceptor (Figure 8 ). The efficiency of energy transfer depends not only on the overlapping of acceptor excitation and donor emission spectra but also on the quantum yield of the donor and the orientation of the transition dipoles of donor and acceptor. Besides, donor and acceptor should be in close proximity, i.e. at a distance of 60-100 Å according to Förster's theory (Gianetti et al., 2006) . The dependence of FRET phenomenon with distance makes it possible to use these experiments to measure distances between donor and acceptor in macromolecules. Furthermore, different isoforms in proteins or supercoiled and relaxed forms of DNA can be evidenced on the basis of FRET measurements. The energy transfer proceeds during the lifetime of the donor excited state ( 0 D τ ). Thus, the equilibrium constant for energy transfer (k T ) varies inversely with the distance (r) between donor and acceptor. R 0 is the Förster critical radius, defined as the distance at which transfer and spontaneous decay of the excited state of donor present the same probability, and therefore k T = 1/τ 0 . Energy transfer allows studying drug-DNA and proteins-DNA interactions (López-Crapez et al., 2008) and also differentiating the nature of the interaction for intercalating and grooving agents. Thus, in the case of fluorescent intercalating agents, the UV energy absorbed by DNA pair bases can be efficiently transferred to the intercalated fluorescent drug. In the case of the groove interacting agents no FRET is observed because of the greater distance and also due to the fact that orientation of dipoles is not adequate for the energy transfer. FRET exhibits a great variety of applications, not only to determine the distances between fluorophores in macromolecules (Valeur, 2001 ) but also due to its potential in the design of DNA arrays and genosensors as will be described in the Section 6. To end this Section devoted to fluorescence spectroscopy, it is important to note that equilibrium constants can be deduced by the increase/decrease in fluorescence intensity as a consequence of the presence of DNA. Other methodologies involve the competitive displacement of a model interacting agent. In this procedure, ethidium bromide is bound to DNA and the addition of the drug under study causes a decrease in the fluorescence intensity because free ethidium bromide is less fluorescent than bound one. In the case of groove interacting agents the same procedure is employed using Hoechst 33258 as reference compound. This methodology is not adequate to study fluorescent drugs due to possible spectral interferences between the drug and the displaced probe. The competitive displacement assay can be developed under classical or high throughput screening (HTS) conditions (Tse & Boger, 2004) . The latter employs a 96-well format or higher density formats and the fluorescence measurements are carried out with an optical fiber in connection to the fluorescence spectrophotometer. In one assay different DNA types (from different species, ds-DNS, ss-DNA, variable nucleotide sequences with increased AT or CG contents,...) can be studied in a reduced analysis time and in an automatized fashion ( Figure  9 ). Additionally, the drug-DNA association constant values can be easily determined. Several reference agents possessing variable DNA affinities like ethidium bromide or thiazole orange as intercalanting agents and netropsine, dystamicin A or Hoechst 33258 as minor groove binding compounds can be assayed simultaneously. In these assays the fluorescence emission of the probe (ethidium or others) decreases proportionally with the concentration of drug bound to DNA. Fig. 9 . Scheme of a 96-well HTS competitive displacement assay. Ethidium bromide is displaced in the case of intercalating agents but not for the minor groove-interacting drugs.
Metal enhanced fluorescence (MEF)
MEF is a new research field still at an early development stage. It provides the concepts and methods to dramatically improve the performance of fluorophores in a surprising whole new way. MEF can be achieved by building appropriated nano-scaled physicochemical systems and it does not need instruments different from those required for classic fluorescence measurements. Some of the main advantages of MEF are the largely increased sensitivity, photo-stability, directionality of emission, resonance energy transfer (RET) distances and signal-to-background ratio with regard to conventional fluorescence. Metals are well-known fluorescence quenchers. The use of cobalt (Co 2+ ), nickel (Ni 2+ ), gold (Au + ) or silver (Ag + ) to quench the emission of different fluorophores is widely extended in the literature. Nevertheless, when properly engineered, metals like silver or gold can also dramatically improve the fluorescence behaviour of fluorophores. It is important to remark that in this section the word "metals" does not refer to metal oxides or cations in solution, but to metal colloids, islands or films, acting as conducting surfaces. Fluorescence is classically observed in the far-field after emission of a fluorophore in an homogeneous non conducting medium. Radiative decay rate (Γ) from the excited state after light absorption depends on the extinction rate of the fluorophore (the oscillator strength of the electronic transition). This parameter is only dependent, and very weakly, on the solvent. Opposite to that, in MEF the interactions of the fluorophores with metal surfaces in the near-field (subwavelength distances) leads to additional radiative decay rates (Γ m ) (Lakowicz, 2001 ). The new radiative decay rate Γ m not only increases the quantum yield but also decreases the lifetime ( Figure 10 ). This last fact has two implications: the first one is that it makes easier to distinguish the fluorophore from the background by using time-resolved fluorescence; the second one is that the photo-stability of the fluorophore becomes significantly improved as it remains less time in excited state . It is interesting to remark that in MEF we are not observing the phenomenon of metal surfaces acting as mirrors reflecting the photons emitted by the fluorophore. A reflection takes place after light has been emitted. Instead, we are considering how metals alter the free space condition for the fluorophores before emission. In this idea, there are two main interactions allowing MEF that occur between fluorophores and metal surfaces at subwavelength distance. The first one is the increased excitation rate. Electromagnetic fields "bend" and concentrate around metallic particles, so a fluorophore in the vicinity of such particles will be exposed to an increased local field (Lightening Rod Effect). This will result in a larger excitation rate of the fluorophore compared to being excited in the free-space. This effect may lead to apparent quantum yields larger than 1, when compared to control solutions in the absence of metal surfaces. The second one is that the oscillating excited state dipole of the fluorophore can excite plasmons on the surface of the metal. This phenomenon results in emission from a complex moiety formed by the fluorophore and the metal, called plasmophore or fluoron. The emission coming from plasmophores retains features from both the fluorophore and the metal: it has the spectral shape of the fluorophore, but it is ppolarized and directional as corresponds to radiating plasmons. So, when speaking about MEF, light emission should not be considered to arise from the fluorophore itself but from the plasmophore (Zhang et al., 2010) .
Several general considerations about MEF should be taken into account (Lakowicz et al., 2008) . First, at distances under 5 nm from the metal, quenching of the fluorophore is always observed due to energy transfer to those metals. Then, an optimal distance of around 10 nm has been established for an efficient MEF process. Second, MEF allows a higher improvement of the quantum yields of fluorophores with low intrinsic quantum yields or even almost non-fluorescent chromophores. A third relevant consideration is about the size and shape of metal particles employed to produce MEF. It has been observed that ellipsoids with an aspect ratio of 1.75 yield the best results. The improvement of the fluorescence is also related to the orientation of the fluorophore relative to the metal particle. Parallel orientation will lead to the dipole in the metal particle to cancel the dipole in the fluorophore. A perpendicular orientation, instead, will cause both dipoles to add. Subwavelength features or patterns imprinted in metal layers can be used for Surface Plasmon-Coupled Emission (SPCE), a phenomenon which affords a highly directional fluorescence emission. One example is the use of silver nanogratings allowing a controlled separation of the emission angles for every wavelength coming from the fluorophore. Other example is the use of nanohole arrays, thick metal layers with nanoholes of a certain diameter Fig. 10 . Lightening Rod Effect on a metal particle. Energy transitions and radiative and nonradiative decay rates in absence and presence of metal surfaces.
and spacing. These arrays present a high transmission of a single wavelength in a narrow directional beam, thus monochromating and focusing emission in a very particular way. As the advantages provided by this kind of nanostructures come from the way in which plasmons propagate in them, these devices are said to produce plasmon controlled fluorescence (PCF) (Lakowicz et al., 2008) . Recent applications of MEF in the field of detection of specific gene sequences include the development of easy-to-prepare arrays capable of selectively and "label-free" detect DNA sequences in concentrations lower than 100 pM before optimization of the system (Peng et al., 2009) . It has recently been described that Au and Ag nanoparticles coated with siliconcarbon alloy layers allow real-time monitoring of the hybridization process of a specific DNA labeled oligonucleotide at concentrations down to 5 fM (Touahir et al., 2010) .
Surface plasmon resonance (SPR)-based techniques
Surface plasmon resonance-based measurements have become one of the fastest-growing analytical techniques in the last decade. The many advantages of SPR, together with the commercial availability of instruments and sensing surfaces, have made it the technique of choice for many kinetic and steady-state studies (Schasfoort & Tudos, 2008) . SPR instruments allow the real-time measurement of the changes occurring on the mass garnered on a functionalized metal layer as a consequence of the binding or unbinding of a certain (macro)molecule (de Mol & Fisher, 2010) . This mass variation implies an alteration of the refractive index (and thus of the dielectric constant) of the medium closest to the surface. Such changes can be continuously observed by monitoring the value of the optimum angle for exciting surface plasmons on the metal layer.
Free electrons inside a conductor can be displaced away from a point by an incident electromagnetic field. The remaining electrons may be attracted by the unshielded positive background and thus create a region of increased negative charge density. Then, Coulomb repulsion will push these electrons back to restore the charge neutrality in the region. The resultant of these two forces will set up longitudinal oscillations of the free electrons plasma. A quantum of these oscillations is known as a plasmon. These plasmons are supported by metal-dielectric interfaces and then are referred to as surface plasmons. Direct light cannot excite surface plasmons at a metal-dielectric interface, because the propagation constant of surface plasmons in metal is greater than the one of the light wave in the dielectric medium (Sharma et al., 2007) . To solve this problem, surface plasmons are generated by coupling them to an evanescent field. Most SPR systems are based on a Kretschmann-arranged coupling device. This consists on a prism coated with a very thin (~50 nm) gold layer on its base. On the other side of the gold layer is the aqueous medium where experiments are to be carried out (the dielectric). When a p-polarized light beam shines into the prism with an angle greater than the critical angle, attenuated total reflection occurs. A part of the energy of the light is reflected, but another part generates an evanescent wave on the prism-gold interface, radiating to the aqueous medium. The nature of this wave is able to excite surface plasmons on the gold surface. The more efficiently plasmons are excited, the less light is reflected. In addition, this evanescent field penetrates further (~200 nm) than the gold layer, and gets into the experimental medium being strongly affected by changes on its refractive index, or dielectric constant. There is a preferential incidence angle for the light beam at which most of the energy of the radiation is used to excite surface plasmons by means of the evanescent field. This angle can be measured because it is the angle at which least light is reflected due to the absorption of the plasmons. As changes on the dielectric constant of the experimental medium due to mass binding/unbinding will change the nature of the evanescent field, it will turn out in a change of the optimal angle of incidence of the excitation light, as shown by Equation 3:
Where c is the velocity of light, ω is the frequency of incident light, ε are the dielectric constants and θ is the optimum incidence angle for surface plasmon resonance; subscripts refer to prism, metal, and working solution. SPR instruments are built up from three main parts (Schasfoort & Tudos, 2008) : 1) optical system, or dry section, able to measure the SPR angle changes; 2) liquids handling unit, or wet section, in charge of buffers and samples delivery; 3) sensor chip, where the experiments take place, and which acts as a barrier between the wet and dry sections. The main component of the optical system is the coupling device. As mentioned above, it usually consists of a prism in Kretschmann arrangement (Figure 11 ), although other possibilities exist (grating couplers, fiber-optics and optical waveguides are less common). Most common setups use a diode array to detect the reflected intensities at different angles, but some systems have a mobile light source capable of scanning several degrees of excitation angles. Most advanced SPR imaging systems (SPRi) use CCD cameras and more complicated optics to simultaneously follow the events happening on hundreds of spots on an array, so many different experiments can be carried out in parallel mode (Steiner, 2004) . With this concept, an array of oligonucleotide ligands can be "spotted" on the sensor surface, and the SPR angle variation recorded for every spot. These systems open the door to high throughput screening based on SPR (Scarano et al., 2010) . Liquid handling is a vital part of SPR instruments. Liquids are flown in order to functionalize, condition and regenerate the sensing surface, and also to deliver samples. Stability of the flow is critical specially when performing kinetic studies. Liquid handling systems can be ascribed to three main categories: flow cells, cuvettes and microfluidic chips. Cuvette systems are less frequent, but they are useful for liquid samples with suspended particles (e. g. blood or culture media). Another advantage is that the whole sample can be easily recovered after measurement. As drawbacks, evaporation can occur, and a continuous homogenization system is required (Ŝpringer et al., 2010) . Another component is the sensor chip. This is the place in whose functionalized surface the binding of the analyte takes place. Metal surface is functionalized by using gold-thiol chemistry. Carboxymethyl-dextran (CMD) is commonly employed to cover the gold layer. CMD provides a notable advantage: it constitutes a three-dimensional matrix which provides more depth so more ligand molecules can be immobilized, then more analyte per surface unit can be bound and this results in an increased sensitivity of the assay. Typically, mass changes in the order of pg mm -2 can be measured (Harding & Chowdhry, 2001) . For a drug-DNA binding study, it is necessary to decide the entity to be immobilized: the drug or the DNA. As SPR-based instruments measure changes in the mass on the sensing surface, immobilizing the drug on the CMD and flowing the DNA molecules as analyte would provide a more sensitive assay, since a single DNA molecule will increase the mass on the sensor surface much more than a drug molecule. Nevertheless, in order to minimize the diffusion phenomena, the common choice is to immobilize the heaviest element and flow the lighter one (Nguyen et al., 2006) . It is possible to monitor the binding of very small molecules (MW < 200) by using DNA hairpins of 10,000 Da.
Injections of the analyte at different concentrations allow the calculation of the binding constant (K ass ) and thus, the strength of the interaction between drugs and DNA sequences can be inferred. Determination of binding constant (K ass ) through the CMD matrix will distort the results for association rates faster than 10 6 M -1 s -1 . Because of this, limitations have to be considered when developing such experiments (Harding & Chowdhry, 2001) . SPR experiments are not optimal for concentration assays, however it is possible to perform concentration measurements by generating calibration curves. Development of arrays allowing for multiple measurements to be carried at the same time should solve the problems relative to concentration assays and the long equilibration periods demanded. Recently, several applications of such techniques have proven that it is possible to detect the presence of specific gene sequences without the need for PCR amplification or labelling of the sample. Gold nano-particles on a sensor chip are able to detect specific DNA sequences in 4.1 x 10 -20 M concentration despite the presence of much higher amounts of interfering DNA (D'Agata et al., 2010).
Enzimatic methods: footprinting
Footprinting is a method for determining the sequence selectivity of DNA-binding compounds (Cardew & Fox, 2010; Hampshire et al., 2007) . It was first used (Galas & Schmitz, 1978) to study the interaction between proteins and DNA, and since then, it has been employed for identifying the sequence-specific interaction of many drugs with DNA. It is based on the fact that the binding of a drug to a region of DNA protects this site of the macromolecule against cleavage by different agents. A ds-DNA fragment labelled to one end of one strand is digested by a cleavage agent in the presence and absence of a ligand. The cleavage products are resolved on denaturing polyacrylamide gels. DNA-regions where the ligand is bound are not cleavaged, and a gap or footprint appears in the ladder of cleavage products (Figure 12 ). The method requires that each DNA strand is cleaved just once on the average, and it is desirable that the agent does not show sequence selectivity in order to ensure an even distribution of cleavage products. As cleavage agents several enzymes and chemicals have been employed, but the most widely used ones are hydroxyl radicals and, specially, DNases. DNase I is the most commonly used, due to its low cost and ease of use, but it generates an uneven ladder of cleavage products, as the efficiency of the enzyme is affected by the global and local DNA structure. DNase is a monomeric glycoprotein with a molecular weight of about 30,400. It is a double strand-specific endonuclease, that requires the presence of divalent cations (Ca 2+ , Mg 2+ ) and introduces single strand nicks by hydrolysis of the O3'-P bond in the phosphodiester backbone to release 5'-phosphorylated products. DNase I binds to about 10 base pairs in the minor groove of the DNA duplex, so the enzyme overestimates the size of drug binding sites. Hydroxyl radicals are generated by the Fenton reaction between Fe(II) and H 2 O 2 . They are highly reactive species and generate a much more even ladder of cleavage products. The DNA fragments employed for the reaction are usually between 50 and 200 base pair long. They are restriction fragments obtained from plasmids or synthetic oligonucleotides, which should include the sequence which the ligand under study can recognize. The assay begins with a natural fragment to gain a general idea of the binding site, followed by the use of synthetic fragments containing probable binding sequences. Labelling of DNA substrate is commonly by radio-labelling either in 3' or 5'-ends using 32 P. 
Genosensors
A genosensor is any device capable for the selective and sensitive detection of a specific gene, or more specifically, a particular alele of a gene (Teles & Fonseca, 2008) . This chapter has shown that many techniques provide a way to set up such a device, and currently optical methods and PCR-electrophoresis techniques are the most widely employed to reveal the detection of specific DNA sequences. Among optical methods, fluorescence-based techniques are by far the most common and versatile. Fluorescence, fluorescence quenching, RET or anisotropy are only a few examples of fluorescence related techniques widely used to reveal the presence of a specific DNA sequence by pairing them to electrophoresis, PCR, real-time/quantitative PCR, molecular beacons or DNA arrays. SPR and MEF-based methods are also promising tools readily pointing towards the target of the single molecule detection. Nevertheless, over the past few years the term genosensor has been narrowed to the field of electrochemical sensors intended to detect DNA presence or hybridization, or the binding of molecules to DNA. This section is devoted to describe different devices (biosensors, biochips, microarrays, molecular beacons, electrochemical DNA sensors) that use DNA as selective recognition element. The union with the complementary DNA chain causes a change in the optical or electrochemical properties to be measured, and thus the target to be detected can be analyzed.
Electrochemical genosensors
DNA sensors are a class of electrochemical sensors in which the molecular recognition is achieved by using DNA oligomers. As the recognition is in charge of a biological molecule, they are classified as biosensors since the 1990 decade. The signal originated on the recognition surface is then transduced into an electrical signal. Both amperometric or potentiometric measurements can be carried out. In amperometric measurements, an external potential is applied to oxidize or reduce an electrochemically active compound at its intrinsic redox potential. The current produced in the process is monitored. In potentiometric methods, an equilibrium is reached on the sensor surface without the need of an external potential. The membrane potential (potential generated between the electrode and the measured solution) is then recorded. In amperometric measurements, the choice of the working potential provides some selectivity to the method, as the potential can be set at the specific redox value of the analyte of interest. Nevertheless, interferences in the sample can share the same potential value with the analyte. As this selectivity is not enough, the surface of the electrode needs to be functionalized. For amperometric studies, Cottrel's equation takes into account the mass transport restrictions in the solution, and if the system is kept under continuous stirring, the intensity of the current depends on the concentration of analyte as follows (Equation 4):
Where A is the area of the electrode, D and C are the diffusion coefficient and concentration of the analyte and L is the thickness of the diffusion layer closest to the surface. This equation can be simplified as I = KC, and then it can be witnessed that the measured intensity is proportional to the concentration of the analyte in the solution.
The electrode used as transducer element can be made up from different materials (Lucarelli et al., 2004) . Platinum, gold, vitrified carbon or pyrolytic graphite are commonly employed. The use of composites (solid conductors dispersed into polymeric nonconducting matrices) is growing over the last years. As mentioned before, in electrochemical biosensors, the electrode is the transducer but a specific recognition step has been previously carried out by a biological macromolecule. Most extended electrochemical biosensors use enzimes or antibodies as recognizing molecules, but genosensors use DNA. DNA molecules afford two remarkable advantages over proteins: they are much more chemically stables and they can be easily synthesized with high purity. DNA can be immobilized on the electrode surface using different techniques. 1) Physical adsorption, 2) electrochemical adsorption, due to the phosphate backbone of DNA, 3) avidin (or streptavidin) / biotin to immobilize the DNA probes on the surface of the electrode, 4) covalent electrode-DNA binding. This method depends strongly on the nature of the electrode, 5) pyrrole or other monomers can be electropolymerized on the surface of an electrode. If this process is conducted in the presence of the DNA probe, the polymer constitutes a matrix that traps the DNA molecules binding them to the electrode. Once the DNA has been immobilized, the recognition step can take place. This event must result on an electrochemical phenomenon measurable by the electrode. Different strategies can be followed (Kerman et al., 2004) . For the detection of electroactive DNA binding agents, non-specific double-stranded DNA can act as recognizing biomolecules. After the compound binds to the DNA, it can be oxidized or reduced at its redox potential and the current can be monitored. Any electroactive DNA binding molecule will be detected, the selectivity only determined by the different intrinsic redox potential of every substance. This method allows the estimation of drug-DNA binding mode and binding constants (Tian et al., 2008) . For the detection of a specific DNA sequence, the most common approach is to immobilize the single-stranded DNA complementary sequence on the electrode. Then, the hybridization of the target sequence to the probe on the electrode's surface can be monitored by two main ways. The most widely used is adding to the solution an electroactive substance which only binds to the hybrid dsDNA, but not to the ssDNA alone. Myriads of substances have been employed with this aim: cationic metal complexes like Co(phen) 3 3+ and Co(bpy) 3 3+ or intercalating organic molecules like antramines or daunomycin are only a few examples. Commercial systems exist based on this approach (Motorola's eSensor TM and Toshiba's Genelyzer TM ). The second method to detect the hybridization is label free and relies on the redox properties of guanine. The intrinsic redox potential of this base on ssDNA (+1.03 V) decreases when hybridization to form dsDNA happens. This change can be monitored to detect hybridization of the probe and the target sequence. Nevertheless, this change is small and hard to detect, so more complex techniques are required. Furthermore, this method cannot be applied if the probe sequence itself posses guanine bases that would be quickly oxidized. To bypass this problem, probes with inosine instead of guanine can be synthesized. Inosine peak can be easily distinguished from guanine. It is also possible to use other labelling methods to detect the binding to the DNA probes such as metal nanoparticles or enzimes, but their uses are less frequent, although growing. For the last years, the use of nanostructured materials is spreading in the field of nanosensors. This class of materials such as metal nanoparticles, magnetic nanoparticles or carbon nanotubes possesses very attractive features. The high surface and very characteristic conducting properties make them of interest to achieve better response times, higher sensitivity and improved specificity (Abu-Salah et al., 2010) . Aligned carbon nanotubes were recently employed to detect a DNA sequence characteristic for genetically modified organisms with sensitivity in the nanomolar range (Berti et al., 2009) . A combination of magnetic beads for immunomagnetic separation and a later detection step using magnetic graphite-epoxy composite electrode has been recently employed for the detection of Salmonella in milk with limit of detection from 5 to 7.5 x 10 3 CFU mL -1 in a short time (50 minutes) (Liébana et al., 2009 ).
Optical genosensors
Microarray technology has been developed due to the necessity of accurate and sensitive methodologies to make use of knowledge afforded by the Human Genome Project. This configuration offers a massive parallel analysis platform for hybridization reactions. According to Leher (Leher et al., 2003) microarrays are ordered two-dimensional spatial arrangements of small structures (oligonucleotides) on a solid support. The oligonucleotides are bounded or adsorbed on the solid support as the selective recognition element. When the complementary sample sequence is recognized, the optical properties of the probe bound to DNA changes and this fact results in a sensitive response. Different optical responses can be processed i.e. UV-Vis absorption, or fluorescence emission properties, and other optical events in connection with plasmon resonance phenomena. Among the different alternatives, fluorescence techniques (emission, total or partial reflection fluorescence and scanning fluorescence techniques) offer advantageous features due to its sensitivity (about 10 -8 M of the probe and sub-microliter volumes) joint to the fact that a large number of fluorescent probes are able to react with DNA. Thus, the contact of the sample DNA with the sensor microarray during the readout process allows monitoring the continuous binding of molecules present in the sample and, then, interacting with the genosensor surface. Another advantage of optical genosensors (microarrays, biochips) is the possibility of repeated cycles of hybridization and denaturation with a single genosensor surface, where a large number of experiments with different targets and probe sequences under various experimental conditions can be developed. Figure 13 shows an example of detection of pathogens or genetically modified seeds using an optical genosensor based on the fluorescence enhancement. Different fluorescence phenomena (spectral shifts, intensity enhancement or quenching, RET, anisotropy variations, life-time changes…) may be observed after hybridization as a consequence of the specific recognition of a sequence of DNA. Two main formats of experiments can be developed. The oligonucleotides adsorbed on the support (microarray) can be labelled with an appropriate fluorescent probe ( Figure 13B ) and the target DNA to be recognized reacts with them. In the second possibility, the DNA extracted from the cells under study (pathogens, i. e. Salmonella sp., Helicobacter pylori, Escherichia coli... or genetically modified seeds) is bounded to the fluorescent probe ( Figure 13A ) and then the hybridization is produced and the organisms are detected (Leung et al., 2007) . Different devices for detection can be employed, such as scanning fluorescence microscope, laser excitation combined with CCD-TV, or fluorescence spectrophotometry coupled to fiber optical devices (Schäferling & Nagl, 2006 ). An important number of optical genosensors for selective detection of specific nucleic acid sequences use fluorescent intercalating and groove binding agents to evidence the hybridization of DNA, and many of them are commercially available in suitable kits. The fluorescence emission of the probes is enhanced or quenched in the presence of the hybridized DNA. Ethidium bromide is considered the fluorescent standard for detection of DNA hybridization, however thiazole orange and other derivatives become in an attractive alternative to other traditional fluorescent probes (Hanafi-Bagby et al., 2000) . The offer covers from the traditional fluorescent probes to the promising fluorescent nanoparticles. 
Conclusion
The study of the interaction of small molecules with DNA is a field of high topical interest, and we hope to have provided a clear, concise introduction to this fascinating area at the boundary between chemistry and biology. The detailed knowledge of these interactions can be used as the basis for the rational design of new DNA ligands with potential application in a variety of fields, e.g. as anticancer drugs and DNA probes allowing in vitro and in vivo monitoring of genetic diseases. Special relevance can be attached to the analysis of drugs, genetically modified organisms and environmentally toxic compounds capable to induce important DNA changes employing these innovative strategies. The design of suitable high throughput systems will improve the performance of these analytical challenges. This is a rapidly evolving topic, and devices able to recognize and bind to DNA are certain to find a host of additional applications in the near future.
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